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It is safe to say that yeast is better understood than any other cell. Hundreds of labs worldwide have for decades been studying this powerful genetic model from various perspectives, and we have made spectacular advances in understanding most pathways and cellular functions. Nevertheless, none of us would claim to know how the yeast cell really works.

The major problem is that the ever-growing mass of detailed biological information has not yet been assembled into a complete and integrated picture. Ultimately, if we are going to model life on a whole-cell level, we must understand how all of its components are connected and coordinated. Only then will we be able to predict the physiological responses to a specific genetic or environmental perturbation. Although a daunting task, I think that modeling the cell is well within our grasp and, while I may be biased, I believe the budding yeast offers our best shot at realizing this challenge.

The landmark first step toward a comprehensive understanding of a cell was made by Andre Goffeau's international team, who assembled the first sequence of a eukaryote ([@bib11]). Having a complete picture of the yeast genome opened the door to functional genomics approaches that had previously been barely imaginable. As a postdoctoral fellow at the University of Oregon, I remember being blown away by what then seemed an absolutely wild idea. Over dinner, our visiting speaker, Stan Fields, described how he was planning to clone every yeast gene in an attempt to test all possible yeast protein pairs, covering an entire 6000 × 6000 matrix, for physical interactions using his two-hybrid assay ([@bib19]). At the same time, several different yeast groups, both academic ([@bib7]; [@bib9]) and commercial enterprises ([@bib8]; [@bib13]), were pioneering genome-wide gene expression analysis to reveal global transcriptional responses. Meanwhile, systematic phenotypic screens were enabled by genome-scale mutant collections, assembled in the form of transposon mutagenesis libraries ([@bib15]) and deletion collections ([@bib21]; [@bib10]). Taken together, these systems-level approaches provided a new integrated way of thinking about science, one that inspired our automated form of yeast genetics called synthetic genetic array (SGA) analysis ([@bib17]), a methodology designed to map genetic interactions on a genome-wide scale ([@bib18]).

> Harnessing the expertise and power of the entire yeast research community in a coordinated manner would represent the ultimate systems level approach; biology's version of sophisticated CERN-like science.
>
> ---C.B.

Success in functional genomics depends on multidisciplinary teams that can design, implement, and interpret large-scale experimental strategies. An integral part of this process is the computational analysis required to process and quantify the emerging data. I think the yeast community's culture of open sharing of reagents and ideas prepared us all to embrace this new style of widely collaborative science. The development of the *Saccharomyces* Genome Database (SGD) ([@bib5]) also played an important role in building this open-access culture by assembling and organizing data from both focused and large-scale studies. Through its team of experts, SGD also curates the data derived primarily from focused studies to generate machine-readable Gene Ontology (GO) annotations for yeast genes ([@bib1]). While this detailed annotation is critical for communicating our understanding of gene function, it also provides a gold standard for quantifying the functional information derived from large-scale studies, which may vary in quality and breadth. Thus, SGD bridges a gap between highly accurate, but biased, focused studies, and global studies, with the broad potential to both address the roles of previously uncharacterized genes and to map novel functional connections between seemingly unrelated processes.

Precisely because it coordinates all yeast experimental data and makes it generally available, SGD has become the centerpiece of our field. Perhaps most importantly, through SGD, the yeast community has mapped a highly successful model for tackling the functional annotation of a genome. In fact, if I were directing major sources of funding, I would invest heavily in the implementation of a similar SGD strategy for the human genome (*i.e.*, HGD). Having visited the SGD website almost every day since its inception, I can only imagine that an HGD counterpart would have an immeasurable impact on human genetics and our understanding of the human genome.

In the aftermath of the recent financial crisis, our governments are cutting back on basic science funding and, unfortunately, support for a project like HGD is unlikely. Ironically, just at a time when we are beginning to make real headway toward a mechanistic understanding of how life works, the resources dedicated to basic research are shrinking. With this in mind, it seems obvious that HGD would fit neatly into a private information corporation's portfolio. Assembling HGD is bound to be profitable because it ultimately constitutes the basis for precision medicine. In the past, we all worried about corporate interests owning the sequence of the human genome and, ironically, it seems that in today's environment, the private sector may be our only hope to fund a project like HGD.

SGA genetic network analysis has provided our research group with an opportunity to interface with SGD, BioGRID ([@bib16]), and other databases to contribute to the functional annotation of the yeast genome. Brenda Andrews, Michael Costanzo, and I have worked together to assemble and implement the methodology and reagents necessary to map a complete genetic interaction network for yeast. Our major computational collaborators, Chad Myers and his team, are largely responsible for figuring out how to extract meaningful information from our large-scale, but relatively noisy, dataset. With SGA analysis, we quantify both negative and positive genetic interactions, where double mutants are scored as growing worse or better than expected, respectively ([@bib2]). Our assembly of a global genetic network composed of hundreds of thousands of genetic interactions highlights the power of combinatorial genetics for identifying pathways, delineating how they work together to control essential cellular functions, and mapping a functional wiring diagram for the cell ([@bib6]).

More than 10 years ago, Lee Hartwell and colleagues suggested that genetic interactions may play a key role in our ability to interpret the genotype--phenotype relationship for an individual ([@bib12]). This idea is now gaining traction with both yeast ([@bib3]) and human geneticists ([@bib22]) and will likely become more and more relevant with the imminent sequencing of millions of individual human genomes. While it remains to be proven, given the scope and breadth of the global yeast genetic network, we can most certainly anticipate that genetic interactions and their networks must underlie a significant proportion of human disease phenotypes. Fortunately, there are some simple rules associated with the structure and topology of genetic networks that appear to be generally conserved. In particular, the genes within pathways often behave in a coherent manner, connected to other pathways through a consistent set of positive or negative interactions. Indeed, by extrapolating these rules from the yeast genetic network, Chad's computational team appears to have developed methods with enough statistical power to detect significant genetic interaction signals from genome-wide association studies (GWAS) in humans. Thus, the fundamental properties of genetic networks we learn from yeast may be critical for the interpretation of our own genomes.

> The methods pioneered by Charlie Boone have proven to be the richest source of biological interactions known to date, and are foundational for the 'interactomes' that drive much of contemporary genetic experimentation and thought.
>
> ---Jasper Rine, University of California, Berkeley

Systems-level technologies developed in yeast and the resultant genome-scale data have fueled the field of bioinformatics and computational biology. Indeed, it is only with detailed computational processing of functional genomics data that we can realize its full potential. However, to build an accurate and comprehensive model of the cell, we must keep pushing the boundaries of both functional genomics and its bioinformatics. I think the next step requires a new operative mode where data are collected at the community level rather than by individual labs. With all of our research enterprises working on the exact same cell, this next level of highly coordinated science is entirely feasible. Our reference strain, S288c, provides us with genetic continuity, which means that quantitative genome-scale data derived from different labs all around the world can be compiled and assembled in a unified format. Given that each lab has expertise in specific pathways and thus can design exquisite pathway-specific readouts, our community has the potential to coordinate a quantitative analysis of most pathways under the influence of a genome-wide set of genetic perturbations and a standardized set of environmental conditions. It is not clear exactly how to do this, but I suspect this mode of analysis could be achieved through a number of different types of experiments; one obvious approach involves combining automated SGA yeast genetics with cell sorting or high-content screening to quantify the activity of diagnostic reporters in a comprehensive set of mutants ([@bib14]; [@bib20]). Although there will surely be technical challenges to overcome, harnessing the expertise and power of the entire yeast research community in a coordinated manner would represent the ultimate systems level approach; biology's version of sophisticated CERN-like science.

The field of yeast systems biology has come a long way ([@bib4]), but perhaps now is the time for us to take the next big step. The yeast community should be able to deliver the kind of data that both biologists and theorists require to realize the modeling of a eukaryotic cell.
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